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@ Pneumatic tyre. 

(§7) A pneumatic tyre comprising a carcass (5) 
extending between beads (4), and a belt (6) 
disposed radially outside the carcass (5) and 
inside a tread (2) and having opposite axial 
edges, characterised in that the belt (6) com- 
prises at least one continuous cord wound 
around the carcass (5) lying zigzag between the 
edges of the belt (6) to define oblique cord 
segments extending between the edges (F1,F2) 
of the belt (6), the cord segments including first 
oblique cord segments and second oblique 
cord segments, the first cord segments being 
laid substantially parallel to each other, and the 
second cord segments being laid substantially 
parallel to each other and crosswise to the first 
cord segments. 
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1 EPO 

The present invention relates to a pneumatic tyre 
and more particularly an improvement in a tread rein- 
forcing belt 

In general, a radial pneumatic tyre is provided 
radially outside the carcass with a belt to reinforce the 
tread portion. 

In a conventional belt structure, as shown in 
Figs.1 1 and 12, belt plies (p) are formed by wrapping 
a strip (e) of rubberised parallel cords (b) around the 
carcass. The strip (e) of rubberised parallel cords (b) 
is made by cutting a sheet of tyre fabric (d) at a bias 
angle (alpha). The ends (f) of the strip (e) are joined 
by overlapping one end on the other with a small over- 
lap, and a lap joint running at a bias angle (alpha) is 
thus formed. Each belt ply also has two side edges 
around the tyre circumference which have cut ends for 
the cords forming the belt. 

As a result of the bias joint, steering stability and 
directional stability during straight running are liable to 
be disturbed. This is particularly seen during high 
speed running. Further, durability is impaired due to 
the cord cut ends where rubber/cord separation fail- 
ure arises in service leading to breaker edge loose- 
ness. 

In order to solve those problems, a jointiess belt 
formed by spirally winding a continuous cord around 
the carcass at a small angle to the tyre equator has 
been proposed in, for example, Japanese Utility-Mo- 
del Publication No.58-1 60805. However, due to such 
a spiral cord arrangement, drifting of the vehicle to 
one side is liable to occur as the tyre has a sideways 
bias. 

It is therefore, an object of the present invention 
to provide an improved pneumatic tyre without such 
problems of stability, durability and drifting. 

According to one aspect of the present inven- 
tions pneumatic tyre comprises a carcass extending 
between beads, and a belt disposed radially outside 
the carcass and inside a tread and having opposite 
axially spaced-apart edges, characterised in that the 
belt comprises at least one continuous cord wound 
around the carcass lying zigzag between the edges of 
the belt to define oblique cord segments extending be- 
tween the edges of the belt, the cord segments includ- 
ing first oblique cord segments and second oblique 
cord segments, the first cord segments being laid sub- 
stantially parallel to each other, and the second cord 
segments being laid substantially parallel to each 
other and crosswise to the first cord segments. 

Embodiments of the present invention will now be 
described in detail in conjunction with the accompany- 
ing drawings, in which: 

Fig.1 is a cross sectional view of a tyre according 

to the present invention; 

Fig.2 is a developed plan view of a belt and a car- 
cass; 

Fig.3 is a perspective view of a ribbon of reinfor- 
ced rubber used to form the belt; 
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Fig .4 is a developed plan view showing a method 
of making the belt; 

Fig.5 is a developed plan view of another 
example of the belt; 
5 Fig.6 is a developed plan view of still another 

example of the belt; 

Fig.7 is a developed plan view explaining another 
belt making method; 

Fig.8 is a perspective view of a ribbon of reinfor- 
10 ced rubber used therein; 

Figs.9 and 10 are schematic views explaining 
modifications of the belt formed by the method of 
Fig.7; 

Fig.1 1 is a developed plan view of a carcass and 
15 conventional belt structure; and 

Fig.1 2 is a plan viewof the tyre fabric used to form 
the conventional belt. 

In the figures, a pneumatic tyre 1 has a tread por- 
tion 2, a pair of axially spaced bead portions 4, and a 

20 pair of sidewall portions 3 extending between the 
tread edges and the bead portions 4. The tyre 1 com- 
prises a bead core 4A disposed in each bead portion 
4, a toroidal carcass 5 extending between the bead 
portions 4 and turned up around the bead cores 4A, 

25 and a jointiess belt 6 disposed radially outside the car- 
cass 5 and inside the tread. 

The carcass 5 in this embodiment comprises one 
ply of organic fibre cords, e.g. nylon, aromatic 
polyamide or the like, arranged radially at an angle of 

30 60 to 90 degrees with respect to the tyre equator C so 
as to provide a radial or a so called semiradial ply con- 
struction. 

The belt 6 comprises at least one continuous cord 
which is wound at least once around the carcass while 

35 running zigzag from one edge to the other edge of the 
belt, so that the or each belt cord has first parallel cord 
segments inclined at a bias angle (alpha) with respect 
to the tyre equator and second parallel cord segments 
inclined at the same bias angle (alpha) but in the 

40 opposite symmetrical direction with respect to the tyre 
equator. 

Note that each cord segment is a substantially 
straight cord portion defined as extending from one 
edge to the other edge of the belt. 
45 By such an arrangement of the cord segments, 

the first cord segments cross the second cord seg- 
ments. 

Fig.2 shows a first example of the belt 6, in which 
several parallel cords 1 1 in the form of a strip are 
so wound together several times around the carcass. In 
this example, the first parallel cord segments 61 are 
located radially inside the second parallel cord seg- 
ments 62. 

Fig.3 showsastrip or ribbon 10of rubber. In order 
55 to make the belt, such a ribbon is used. In the ribbon, 
one belt cord or a plurality of parallel belt cords 11 
is/are embedded in coating rubber 12. 

The number of embedded cords 1 1 is in the range 
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of 1 to 10. In the example shown in Fig.3, the number 
is 7, and the cross sectional shape of the ribbon 10 is 
a flat rectangle. 

Preferably, the width Wo of the ribbon 10 is in the 
range of 5 to 1 5 mm. 

For the belt cords 11, organic fibre cords, e.g. 
nylon, polyester, aromatic polyamide or the like or 
steel cords can be used, preferably, aromatic 
polyamide fibre cords are used for their high modulus, 
which corresponds to that of steel cords, and their 
light weight. 

Fig.4 shows a method of making the belt 6 shown 
in Fig. 2, wherein one ribbon 10 is wound around the 
tyre a plurality of times (n) as follows: 

In the first winding, the ribbon extends at an angle 
(alpha) from a starting point S to the other (left side) 
belt edge F1; 

A) at the other left side edge F1 , the ribbon is fol- 
ded back radially inwardly; 

B) the next section of ribbon extends at angle 
(alpha) to the right side edge F2; 

C) at the right side edge F2, the ribbon is folded 
back radially outwardly; 

D) the next section of ribbon extends at angle 
(alpha) to the left side belt edge F1; 

A) to D) are repeated until the ribbon returns to the 
starting point of the second winding which point is 
adjacent to the previous starting point S. 
In the subsequent second winding around the 
tyre and third, fourth, — and last (n)th windings, the 
ribbon is wound in the same way as the first winding. 

By winding the ribbon (n)-times around the tyre, 
the belt becomes complete and closely packed. In 
other words, no spaces are left between the circum- 
ferentially adjacent ribbon segments (used in the 
same sense as the above-mentioned cord segments). 

The zigzag pitch Pt in the circumferential direction 
of the tyre is (n) times the circumferential width P of 
the ribbon. 

If the second to last windings, each of the starting 
points therefor is located before the previous starting 
point. That is,, the circumferential length of one wind- 
ing is smaller than that of the belt, and the difference 
therebetween is the circumferential width P of the rib- 
bon (P=Wo/sin (alpha)). 

After the (n)-time winding of the ribbon, the termi- 
nal end thereof returns to the first starting point S and 
is jointed with the starting end. 

As described above, in this example, the ribbon 
is always folded back from a radially outward direction 
to a radially inward direction at the left side edge F1 
and from radially inward to radially outward at the right 
side edge F2. 

Accordingly, the ribbon is wound spirally and con- 
tinuously around the central plane of the belt while 
being wound around the carcass generally. 

Such a spiral-folding type belt is formed sepa- 
rately from the carcass, and thereafter they are 



assembled. 

Fig. 5 shows a modification of the above-exp- 
lained belt 6. In this belt 6a, the zigzag pitch Pt is equal 
to the circumferential width P of the ribbon, and 
5 accordingly the bias angle of the belt cords becomes 
larger, and the ribbon is wound once around the car- 
cass. 

Fig.6 shows a modification of the belt 6a shown 
in Fig. 5. In this belt 6b, the folding-back directions of 
10 the ribbon at the belt edges are altered such that the 
ribbon is folded back from radially inside to outside at 
both the edges F1 and F2, which makes it possible to 
form the belt 6b directly on the carcass. It is however, 
also possible to form this belt separately from the car- 
ts cass. 

Such one-way folding can be applied to the first 
example belt 6. 

Further, in the belts in which the ribbon is wound 
a plurality of times around the carcass, for example 
20 the belt 6 and the belt 6 combined with the one-way 
folding, the circumferential length of one winding of 
the ribbon can be larger than that of the belt. 

The difference therebetween is set to be the cir- 
cumferential width P of the ribbon. 
25 In other words, the starting points for the second 

to last windings are positioned behind and adjacent to 
the respective previous starting points. 

The above-mentioned bias angle (alpha) of the 
ribbon 10 or belt cords 11 may be in the range of 10 
30 to 80 degrees with respect to the tyre equator. 

In the above-mentioned examples, the edges of 
the adjacent ribbon segments are not overlapped. 
However, they may be slightly overlapped. 

Fig. 7 shows another method of making a belt 
35 comprising at least one cord continuously wound 
around the carcass while lying zigzag between the 
edges of the belt. 

In this method, as shown in Fig.8, a ribbon 10 of 
which width Wo is narrower than that shown in Fig.3 
40 is used, and the ribbon 1 0 is bent axial ly of the tyre, 
that is, in the width wise direction of the belt but not fol- 
ded back neither radially outwardly^ nor radially 
inwardly. " 

The ribbon 10 is wound around the tyre a plurality 
45 of times (n) as follows: 

In the first winding, the ribbon 10 extends at an 
angle (alpha) from a starting point to one of the belt 
edges F1 and F2, for example, the left side edge F1; 

A) at the left side edge F1, the ribbon is bent to 
so the other right side edge F2; 

B) the next section of ribbon extends at angle 
(alpha) to the right side edge F2; 

C) at the right side edge F2, the ribbon is bent to 
the left side edge F1; 

55 D) the next section of ribbon extends at angle 

(alpha) to the left side belt edge F1 ; 
A) to D) are repeated until the ribbon returns to the 
starting point of the second winding which point is 
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adjacent to the previous starting point 
In the subsequent second winding around the 
tyre and third, fourth, — and last (n)th windings, the 
ribbon is wound in the same way as the first winding, 
whereby the radially inner and outer cord segments s 
similar to those by the above-explained folding 
method are formed. 

In Fig.7, the ribbon 10 is bent smoothly at the belt 
edges, that is the bent portions are rounded. 

For smooth bending at the belt edges, the angle 10 
(alpha) of the ribbon or belt cords 1 1 is preferably set 
to be a smaller value in the range of 10 to 25 degrees 
with respect to the tyre equator. 

The width of the ribbon is also set to be a smaller 
- value less than about 5 mm for the same reason. 15 
In this example, therefore, the number of the 
cords embedded in the ribbon is 3. 

Thus, a plurality of cords 11 run zigzag continu- ~ 
ously and in parallel with each other all over the length 
inclusive of the bent parts. 20 

Fig.9 shows a modification of the above-men- 
tioned bending method and explains a modification of 
the above-mentioned round bent part 

In this case, circumferential segments 13 are for- 
med between the adjacent oblique segments 61 and 25 
62, whereby the bending angles formed between the 
adjacent segments (13 and 62) and (13 and 61) are 
decreased to 1/2 of the angle between the oblique 
segments 61 and 62. Further, the differences in length 
between the cord paths are absorbed by the circum- 30 
ferential segments 13. 

Further, as another modification, the bent por- 
tions of the ribbon, inclusive of such a bent portion 
including a circumferential segment 13, can be shifted 
alternately in the axial direction of the tyre to avoid an 35 
excessive increase in the belt thickness at the edges, 
as shown in Fig. 10. 

In both the former one-way folding method and 
the later bending method, after one belt layer is for- 
med, that is the ribbon returns to the first starting point, 40 
a further layer can be formed successively thereon by 
continuously winding the ribbon therearound. 

In such a case, the axial extent W of the zigzag 
is preferably changed to be narrower or wider than the 
other layer. 45 

Further, in the above-mentioned spiral folding 
method explained in the first and second example 
belts 6 and 6a, after one belt layer is formed, a further 
layer can be formed successively by continuously 
winding the ribbon around the previously formed belt so 
layer. 

Furthermore, a belt layer made of a strip of con- 
ventional tyre fabric can be combined with the above- 
mentioned zigzag cord belts 6, 6a and 6b. 

For example, a fabric belt layer may be disposed 55 
between the radially outer segments 62 and the 
radially inner segments 61 of the zigzag cord belt for- 
med by spiral folding, or a fabric belt layer may be dis- 



posed radially outside or inside the zigzag cord belt. 

As described above, in the pneumatic tyre 
according to the present invention, the belt is provided 
with an endless structure with respect to the circum- 
ferential direction of the tyre, and there is no cord cut 
end at the edges, and further, the first cord segments 
cross the second cord segments. 

Therefore, belt edge looseness and rubber sepa- 
ration are effectively prevented, and durability of the 
tread portion is improved. The endless structure and 
cross structure provide a rigid and uniform reinforce- 
ment for the tread portion, and straight running per- 
formance and steering stability are improved. 



Claims 

1. A pneumatic tyre comprising a carcass (5) 
extending between beads (4), and a belt (6) dis- 
posed radially outside the carcass (5) and inside 
a tread (2) and having opposite axial edges, 
characterised in that the belt (6) comprises at 
least one continuous cord wound around the car- 
cass (5) lying zigzag between the edges of the 
belt (6) to define oblique cord segments extend- 
ing between the edges (F1,F2) of the belt (6), the 
cord segments including first oblique cord seg- 
ments and second oblique cord segments, the 
first cord segments being laid substantially paral- 
lel to each other, and the second cord segments 
being laid substantially parallel to each other and 
crosswise to the first cord segments. 

2. A tyre according to claim 1, characterised in that 
between the adjacent oblique cord segments, 
said at least one belt cord (1 1) is smoothly bent 
axially of the tyre to form round bent portions. 

3. A tyre according to claim 2, characterised in that 
between the adjacent oblique cord segments, 
said at least one belt cord is bent axially of the tyre 
so that a circumferential cord segment is formed 
in each of the bent portions between the adjacent 
oblique cord segments. 

4. A tyre according to claim 2 or 3, characterised in 
that said belt (6) comprises a plurality of cords 
(11) laid zigzag between the edges of the belt and 
in parallel with each other all over the length 
thereof. 

5. The tyre according to claim 2 or 3, characterised 
in that at each of the belt edges (F1 ,F2), the bent 
portions are alternately shifted in the axial direc- 
tion of the tyre. 
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(g) Pneumatic tyre. 



(57) A pneumatic tyre comprising a carcass (5) 
extending between beads (4), and a belt (6) 
disposed radially outside the carcass (5) and 
inside a tread (2) and having opposite axial 
edges, characterised in that the belt (6) com- 
prises at least one continuous cord wound 
around the carcass (5) lying zigzag between the 
edges of the belt (6) to define oblique cord 
segments extending between the edges (F1.F2) 
of the belt (6), the cord segments including first 
oblique cord segments and second oblique 
cord segments, the first cord segments being 
laid substantially parallel fo each other, and the 
second cord segments being laid substantially 
parallel to each other and crosswise to the first 
cord segments. 
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